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MULTIPLE BEAM DEPLOYABLE SPACE
ANTENNA SYSTEM

This application is a continuation of prior application
Ser. No. 415,814, filed Oct. 2, 1989, now abandoned.

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is related to copending U.S.
patent applications Ser. Nos. 263,849; 402,743; 415,842,
415,815 and 414,494,

BACKGROUND OF THE INVENTION

The present invention pertains to antenna systems for
spacecraft and more particularly to a deployable an-
tenna array system which projects a multiple beam
pattern with each beam covering a disjoint area.

Spacecraft typically achieve communications (i.e.
“uplinks” and “downlinks”) with earth-based stations
by projecting spot beams to certain areas. These earth-
base systems may include but are not limited to land-
based stations, water-based stations, such as those lo-
cated on ships, stations based on airplanes or other
spacecraft. The spot beams which are projected by
spacecraft may be relatively narrow or broad beams.
Small beams are easily focused upon a known earth-
based source. For communication situations in which
many sources are randomly located over a portion of
the earth, that entire portion of the earth must be cov-
ered by the antenna system.

For communication by the satellite with a number of
earth-based stations, a limited number of communica-
tions frequencies or channels exist. Spatial diversity
between satellite antenna beams is required. Therefore,
satellite communication with a plurality of earth sta-
tions is limited to the number of antenna beams (or cells)
projected by the antenna system. As cell numbers are
increased, spatial diversity becomes difficult to main-
tain.

In addition, a large number of satellite antennas is
difficult to launch into space. Furthermore, large num-
bers of antennas are difficult to position and deploy in
space once the launching vehicle has achieved proper
orbit.

Accordingly, it is an object of the present invention
to provide uniformly sized spot beams for facilitating
communications between satellites and a plurality of
earthbased stations.

SUMMARY OF THE INVENTION

In accomplishing the object of the present invention,
a novel multiple beam deployable space antenna system
is shown. '

A multiple beam space antenna system facilitates
communications between a satellite and a plurality of
earth stations. The multiple beam space antenna system
has a plurality of antennas which are disposed in a
spherical configuration. Each of the plurality of anten-
nas is positioned so that each antenna establishes com-
munications with a substantially distinct area of the
earth.

Each of the antennas receives a plurality of communi-
cations from the earth stations. Each antenna also trans-
mits 2 plurality of communications from the satellite to
the earth stations. Each of the antennas is connected to
a processor of the satellite for enabling the processor to
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2
receive and transmit messages from a number of earth
stations.

The above and other objects, features, and advan-
tages of the present invention will be better understood
from the following detailed description taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 depicts a satellite’s projection of its antenna
beams comprising the present invention.

FIG. 2 is a top view of the projection of the antenna
beams onto the earth.

FIG. 3 is a side view of the antenna beam projections
as shown in FIG. 2. '

FIG. 4 depicts the intercept angle formed by the
satellite’s antenna beams.

FIG. 5 depicts a portion of the antenna horns of the
present invention.

FIG. 6 is a two-dimensional representation of the
antenna horn system of the present invention.

FI1GS. 7a-7d depict the deployed horn structure and
lens structure of the present invention.

FIG. 8 is a diagram of one particular horn of the
antenna system of the present invention.

FIG. 9 is a block diagram of the monolithic micro-
wave integrated circuit (MMIC) shown in FIG. 8.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The disclosures and teachings of U.S. patent applica-
tion Ser. Nos. 263,849; 402,743; 415,842; 415,815; and
414,494 are hereby incorporated by reference.

FIG. 1 depicts satellite 100 projecting a multiple
beam space antenna array. Satellite 100 includes a pro-
cessor (not shown) for communication transmission and
reception. Each hexagonal area, such as number 1, rep-
resents an individual cell which has been projected by
an antenna beam. This projection shows cell 1 sur-
rounded by three successively larger rings of similarly
shaped cells. The cells actually projected by beams of
satellite 100 for communications are ellipfical in nature.
The cells shown in FIG. 1 are the result of intersecting
elliptical antenna beams. The six sides of each hexagon
depict the chords which bisect the intersection of each
of the elliptical beams.

In this configuration, 37 beams are projected by the

‘antenna system of the satellite 100. Each of the 37 an-

tenna is electrically and optically connected to the pro-
cessor of the satellite. Since the satellite represents a
point in space and the earth’s surface is a sphere, it is
necessary that each of the cells represent approximately
the same area.

Each of the cells represents a plurality of frequencies
about a center frequency. This aids in establishing com-
munication between satellite 100 and a plurality of users
in each particular cell on the earth. Since the satellite is
in orbit about the earth, a communication link between
a user in one cell and satellite 100 must be handed off to
another adjacent cell as the satellite moves in orbit. The
frequency assignment of the cells is such that there are
four basic frequency groups used. A particular one of
the four frequency groups is selected for center cell 1
area. Then, assignments are made circularly about cell 1
such that no two adjacent cells use the same one of the
four frequency groups. This provides spatial diversity
and for frequency re-use from group-to-group.

The 37 cells of FIG. 1 may be represented from a top
view as shown in FIG. 2. The centermost ring A of the
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“bull’s-eye” (concentric circles or rings) of FIG. 2 rep-
resents the center cell 1 of FIG. 1. The next, ring out-
side the center cell A is the ring B. Ring B includes six
cells surrounding center cell 1. The ring adjacent to ring
B is ring C. Ring C contains twelve cells surrounding
ring B. The last ring surrounding ring C is ring D. Ring
D contains eighteen cells surrounding ring C. As a
result, in all the sateilite projects 37 separate cells to
provide an area of coverage for transmission uplinks
and downlinks with respect to the satellite.

Each cell represents 1/37 of the total area of the
entire cell pattern projected by a particular satellite.
FIG. 3 depicts the total area from the satellite to the
earth's surface. FIG. 3 is a side view and depicts the
heights of the various rings as was shown in FIG. 2.
That is, area 4 pertains to ring A, area 3 pertains to ring
B, area 2 corresponds to ring C and area 1 corresponds
to ring D. The total area of the satellite’s projections
may be calculated by the formula. area=2#rh, where r
is the radius and h is the height of the spherical segment
of the sphere and 7 =approximately 3.14159.

The area for each of the rings shown in FIGS. 2 and
3 as well as the total area may be calculated by the
equations given below.

Total area=2wrh
Area 1=2wrr(h—h1)
Area 2a=2mwr(ht —h2)
Area 3=2mwr(h2-h3)
Area 4=2mwrh3

FIG. 4 depicts the geometry of a particular satellite in
orbit approximately 413 nautical miles above the earth’s
surface. It is assumed that the outside edge of ring D as
shown in FIG. 2 when viewed from the satellite will
intercept the earth at a 10 degree angle. This 10 degree
angle 40 is termed the “mask angle”. Satellite 45 is
shown approximately 413 nautical miles above the
earth’s surface. From satellite 45 to the outer edge of
ring D, as shown in FIG. 2, the distance 46 is approxi-
mately 1,243 nautical miles as shown in FIG. 4. The
angle between the earth’s surface and a line from the
edge of outer ring D to satellite 45 is angle 40. This
angle is the 20 degree mask angle.

Angle 41 is approximately 100 degrees. Angle 41 is
made up of the 10 degree mask angle and a 90 degree
tangent angle. The 90 degree tangent angle (angle
41— angle 40) is comprised of a line segment 46 from the
center of the earth to the earth’s surface and the tangent
to the earth’s surface at that point (not shown). Angle
43 is the angle composed of line segments 47 from the
satellite to the center of the earth and line segment 48
from the center of the earth to the point of the outer
extent ring D. This angle is approximately 18.45 de-
grees. The distance from the center of the earth to the
earth’s surface is approximately 3,443 nautical miles, as
shown in FIG. 4 line segment 47.
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Angle 42 is the angle between line segments 46 and
47. Line segment 46 is a 1,243 nautical mile line segment
between satellite 45 and the outer edge of ring D of the
satellite’s cell projections. Line segment 47 is a line
directly from satellite 45 perpendicular to the earth’s
surface terminating at the center of the earth. For the
present configuration shown in FIG. 4, angle 42 is ap-
proximately 61.55 degrees.

Referring again to FIGS. 1 and 2, the center of each
of the six cells in ring B is equidistant from the center of
the middle cell 1 (ring). The same is not true for the
distance between the center of each cell and middlie cell
1 for rings C and D.

Referring to FIG. 1, cell “a” is closer to the center of
cell 1 than cell “b” is. Both cells a and b are located in
the C cell ring. The C ring contains twelve cells. The
“a” and “b" cells alternate around ring C. That is, ring
C contains alternate “a” and “b” cells.

Similarly, ring D which is comprised of eighteen
cells, includes “A”™ and “B" cells. Each of the A cells is
equidistant to the center of cell 1. Each of the B cells is
also equidistant with respect to the center of cell 1.

‘However, the A cells are closer to the center of cell 1

than the B cells. With respect to ring D of the cells as
shown in FIG. 1, the pattern of “A™ and “B™ cells is
different than the “a” and “b” cells of ring C. Ring D
has a pattern of one B cell and two A cells following.
This pattern continues around ring D.

The angular differences from the satellite to the *“a”
and “b" cells or to the “A” and “B” cells must be ac-
counted for in the positioning of each of the antennas of
the satellite antenna system. For the purposes of further
discussion, the a-b and A-B anomalies discussed above
will not be taken into account. However, the position-
ing indications derived herein must be modified slightly
to account for these anomalies in view of a specific
altitude of the orbiting satellite. ‘

For further discussions, rings C and D will be consid-
ered as having each cell equidistant to the center of cell
1. For a height of a satellite over the earth of 413 nauti-
cal miles, the resultant antenna angles for the 37 cells of
FIG. 1 are shown summarized in Table 1. The center
cell is cell ring A which is comprised of a single cell,
cell 1. This cell size is approximately a 41.5 degree
circle with respect to the satellite. This antenna would
produce a gain of approximately 13.8 dB. In general,
gain is calculated in terms of a maximum theoretical
gain represented by an antenna of x radians by y radians.
The formula for this gain is given as follows:

Gain (dB)=10log (4 +xy)

The r2 loss refers to the loss due to the range of the
satellite from earth. This loss increases as the square of
the range. Lastly, the mask angle represents the range of
values for a line of sight from the ground to the satellite
within a cell in that particular ring. There is only one
cell in ring A.

The first actual ring of cells of Table 1 is ring B as
shown in FIG. 2. The second and third rings of Table |
correspond to rings C and D of FIG. 2 respectively.

TABLE 1

ANTENNA PARAMETERS - 413 NMI SATELLITE

MASK
CELL SIZE GAIN LOSS* ANGLE

R?

CENTER CELL (A)
FIRST RING (8)
SECOND RING (C)

41.5° CIRCLE 13.8dB 0.3dB 67° TO 90"
22.3° x 60° ELLIPSE 149dB 3.2dB 40° TO 67"
10.5° x 30* ELLIPSE 21.2dB $5.7dB 26" TO 40°
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TABLE 1-continued

ANTENNA PARAMETERS - 413 NMI SATELLITE
R?

CELL SIZE

MASK
GAIN LOSS* ANGLE

THIRD RING (D)

79 » 20° ELLIPSE 24.2dB 91.5dB 10" t0 26"

*WORSE CASE RANGE LOSS COMPARED TO 413 NML

Table 2 depicts similar parameters for each of the

a propellent in order for the antenna system to take its

cells shown in FIGS. 1 and 2 for a satellite at a height of |p spherical shape of horn antennas.

490 nautical miles over the earth. It is to be noted that
the parameters for this increased height of the satellite
are not substantially different from the first example
given in Table 1.

FIG. 6 is a two-dimensional view of the horn antenna
structure when deployed, looking up directly from

beneath the satellite. Horn antennas 50 through 56 of

FIG. § are shown depicted in FIG. 6. FIG. 6 shows that

TABLE 2
ANTENNA PARAMETERS - 490 NMI SATELLITE
R? MASK
CELL SIZE GAIN LOSS* ANGLE
CENTER CELL (A) 34.5° CIRCLE 154dB 0.5dB 70" TO %0°

FIRST RING (B)

20.5° x 60" ELLIPSE 153dB 14dB 46" TO 70°

SECOND RING (C)  IL1° x 30" ELLIPSE 209dB 46dB 31" TO 46°

THIRD RING (D)

9.75° x 20" ELLIPSE 234dB 83dB 13"t 31°

*WORSE CASE RANGE LOSS COMPARED TO 490 NMI.

Referring to Table 1, the antennas of the third ring or 25 a view field from the satellite to the earth is the same in

ring D require a 7.9 degree projection. As a result, an
aperture of approximately 4 meters would be required.
Small satellites or spacecraft may be typically a cylinder
with a 2 meter height and a 1.5 meter approximate diam-
eter. The present antenna array system may be trans-
ported via satellite by a cannister of approximately 1
meter diameter and 0.3 meters high.

Referring to FIG. 5, a cross section of the antenna
array of the present invention is shown. FIG. § depicts
horn antennas 50 through 56. These horn antennas rep-
resent antennas in each of the four rings A though E as
mentioned in FIG. 2. Horn antenna 50 represents center
cell 1 or ring A as shown in FIGS. 1 and 2 respectively.
Horn antennas 51 and 52 represent two of the antennas
within ring B as shown in FIG. 2. Horn antennas 53 and
54 represent two of the twelve antennas in ring C of the
present antenna system. Lastly, horn antennas 55 and 56
represent two of the eighteen antennas in ring D of the
antenna system.

First, it is to be noted that the antenna horns are
disposed in a spherical configuration with antenna horn
50 which generates the center cell being at the center of
the portion of the sphere. Second, it is to be noted that
as we move from the center antenna 50 to antennas 51
and 52 of ring B that the length of the horn antenna is
increased. Similarly, the horn antennas 53 and 54 of ring
C are increased in size over 51 and 52 of ring B. Simi-
larly, horn antennas 55 and 56 of ring B are longer than
hom antennas 53 and 54 of ring C.

It can also be seen from the cross section of FIG. §
that the antenna horns are mounted in a hemispherical
position in order to achieve the cell projections shown
in FIG. 1. The longest horns are those in ring D. The
horns in ring D as exemplified by horns 55 and 56 would
raquire an aperture of approximately 4 meters in length.
The construction of the horns themselves may be of a
metallized mylar. This antenna horn may be imple-
mented as a spherically shaped mylar structure. This
structure may be collapsed in a cannister prior to being
placed into space. The antenna system may be deployed
similar to the manner in which an inflatable rubber raft
is inflated. That is, once the satellite is in proper position
in space, the antenna may be deployed by inflation with

30

35

40

45

50

55

65

all directions. Horn antenna 50 appears as a circle. An-
tennas 51-56 appear as ellipses since they are angularly
tilted.

Referring to FIG. 7A, the cannister mentioned above
with the deflated horn antenna structure inside is
shown. When the horn antenna system is inflated, its
appearance would be similar to that shown in FIG. 7B.
From this figure, as well as FIG. 5, it can be seen that
the center horn antenna has the shortest length and the
length of the horns increase as they move away from
the center horn antenna of the structure. The diameter
of the entire antenna system, that is, the outer diameter
of ring D, may be approximately two feet.

Since antenna transmissions disperse over distance
and these transmissions also produce sidelobes, a lens
arrangement may be employed to suppress sidelobes
and limit diffusion of the signals. FIG. 7C shows a boot-
lace lens in folded position which may be used to sup-
press sidelobes and limit diffusion. This bootlace lens is
a planer lens. The bootlace lens is placed in front of the
horn antenna structure, such that signals transmitted
from the antennas or received by the antennas must pass
through the planer lens. When the bootlace lens is-de-
ployed, its appearance would be as that of FIG. 7D.
The bootlace lens may not be deployed in a similar
fashion to the basic horn antenna structure. That is, the
lens may not be inflated. The bootlace lens requires
mechanical tuning. As a result, the bootlace lens may be
constructed of a rigid material which would be de-

ployed in planer sections similar to a solar cell array of .

a satellite.

FIG. 8 depicts one typical horn 80 of the muitiple
horn antenna array shown in FIG. 7B. Horn antenna 80
includes an inflatable truncated cone shape mylar struc-
ture 81. The interior surfaces of mylar cone 81 are met-
allized with conductive layer 82. This conductive layer
or film may be implemented with such metals as gold or
aluminum. Attached to the mylar cone is valve 83.
Valve 83 provides for proper deployment of the cone
structure 80 by inflation. Other valves (not shown)
provide for inflating the supporting rubber raft struc-
ture mentioned above. Valve 83 is connected to 2 sup-
ply of gas (not shown) which is used to inflate the mylar
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structure upon depioyment of the antenna system in
space. Propellants such as nitrogen or foam may be used
for inflation.

Microstrip to waveguide transition 87 is connected
via an aperture 88 in the bottom portion of the cone to
dielectric substrate 85. Dielectric substrate 85 provides
for electrical isolation of the input and output signals as
well as the mounting of MMIC circuitry 84. The micro-
strip to waveguide transition 87 provides for the recep-
tion and transmission of signals from radio, telephones
or similar devices located on the earth. Incoming signals
are transmitted from the waveguide structure 87 to the
MMIC circuit 84¢. MMIC circuit 84 both receives and
transmits signals and produces at its output an optical
signal for transmission to or from the satellite’s proces-
sor (not shown) via optical fiber 86. Coaxial cable may
be used in place of the optical fiber 86.

Referring to FIG. 9, a block diagram of the MMIC
(Microwave Monolithic Integrated Circuit) 84 of FIG.
8 is shown. Optical fiber 90 is connected to low level
amplifier 91. Amplifier 91 is connected to power ampli-
fier 92. Amplifier 92 is connected to circulator 93. Cir-
culator 93 is connected to microstrip to waveguide
transition 87. Microstrip waveguide 88 is connected to
the horn antenna. Incoming signals are transmitted to
microstrip 87. These signals are then transmitted to
diplex 94 via circulator 93. Circulator 93 is also con-
nected to diplexer 94. Diplexer 94 is connected to LNA
(Low Noise Amplifier) 95. LNA 95 is connected 1o
filter 96. Filter 96 is connected to amplitude modulation
LED 97. Optic fiber 98 connects electrical to optical
device 97 to the satellite’s processor.

Opitical signals are fransmitted via optical fiber 90 to
FET amplifier 91. FET amplifier 91 converts the opti-
cal signal to an electrical signal and transmits this to
MMIC power amplifier 92. Amplifier 92 produces an
amplified signal which is transmitted through circulator
93 to the microstrip 87. Circulator 93 may comprise a
waveguide with magnet. The circulator 93 transmits
signals from an input node to an output node in the
clockwise direction. In the counter clockwise direction
signals from an input node are blocked. These signals
are then transmitted through the horn to earth-based
stations.

Incoming signals are transmitted through microstrip
87 through distributor 93 to diplexer 94. Diplexer 94
acts as a filter and removes transmitting or other unde-
sirable frequencies. LNA 95 amplifies the signal. The
incoming signals are then filtered by filter 96. The fil-
tered signal is transmitted to electrical to amplitude
modulation LED 97 which amplifies the signal and then
amplitude modulates by superposition in a bias line a
diode laser, light emitting diode or other similar device.
The electrical signal is converted to an optical signal
and transmitted via fiber 98 through the satellite’s pro-
cessor. The FET amplifier 91 may be implemented with
a gallium arsenide FET. The light photons input to such
a device cause modulation of the gate voltage of the
FET. MMIC amplifier 92 may be implemented with a
gallium arsenide MMIC amplifier.

Although the preferred embodiment of the invention
has been illustrated, and that form described in detail, it
will be readily apparent to those skilled in the art that
various modifications may be made therein without
departing from the spirit of the invention or from the
scope of the appended claims.

What is claimed is:
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1. A multiple beam space antenna system for facilitat-
ing communications between a satellite and a plurality
of earth stations, said multiple beam space antenna sys-
tem comprising:

a plurality of antenna means disposed in a semi-
spherical configuration about a surface of said sat-
ellite, each of said plurality of antenna means posi-
tioned so that each antenna means establishes said
communications with a substantially distinct area
of the earth, said plurality of antenna means includ-
ing:

a first plurality of antenna means circularly dis-

posed;

a second plurality of antenna means disposed circu-
larly about said first plurality of antenna means;
and

a third plurality of antenna means disposed circu-
larly about said second plurality of antenna
means; and

each of said antenna means for receiving a plurality of

communications from said earth stations in a corre-

sponding area and for transmitting a plurality of
communications to said earth stations in said corre-
sponding area; and

each of said antenna means being connected to a

_processor of said satellite for enabling the proces-

sor to receive and transmit messages from a num-

- ber of earth stations.

2. A multiple beam space antenna system as claimed
in claim 1, wherein said first plurality of antenna means
includes:

antenna means centrally located with respect to said

first, second and third pluralities of antenna means.

3. A multiple beam space antenna system as claimed
in claim 2, wherein said antenna means and each of said
first, second and third pluralities of antenna means
project beams on a planet-like body such that said pro-
Jjected beams of said antenna means, said first plurality,
said second plurality and said third plurality of antenna
means are contiguous beams and form a large area for
receiving and transmitting a plurality of signals between
earth stations and said satellite.

4. A multiple beam space antenna system as claimed
in claim 3, wherein said projected beams of said antenna
means, said first plurality of antenna means, said second
plurality of antenna means and said third plurality of
antenna means form substantially concentric circular
areas for facilitating communications between said sat-
ellite and said plurality of earth stations.

5. A mulitiple beam space antenna system as claimed
in claim 4, wherein:

said antenna means includes horn antenna means;

said first plurality of antenna means includes a first

plurality of horn antenna means;

said second plurality of antenna means includes a

second plurality of horn antenna means; and

said third plurality of antenna means includes a third

plurality of horn antenna means.

6. A multiple beam space antenna system as claimed
in claim §, wherein:

said horn antenna means includes at least one horn

antenna means;

said first plurality of horn antenna means includes

approximately six horn antenna means;

said second plurality of horn antenna means includes

approximately twelve horn antenna means; and

said third plurality of horn antenna means inciudes
approximately eighteen horn antenna means.
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7. A multiple beam space antenna system as claimed
in claim 5, wherein each of said beams projected by said
horn antenna means, said first plurality of horn antenna
means, said second plurality of horn antenna means and
said third plurality of horn antenna means are substan-
tiaily hexagonal in shape.

8. A muitiple beam space antenna system as claimed
in claim 5, wherein:

said horn antenna means includes cone means of a

first length;

said first plurality of horn antenna means each includ-

ing cone means of a second length being greater
than said first length;

said second plurality of horn antenna means each

including cones means of a third length being
greater than said second length; and

said third plurality of horn antenna means each in-

cluding cone means of a fourth length being greater
than said third length.

9. A multiple beam space antenna system as claimed
in claim 8, wherein there is further included inflatable
means for supporting each of said horn antenna means,
said inflatable means for support and each of said cone
means being inflated to produce said spherical configu-
ration of said pluralities of said horn antenna means.

10. A multiple beam space antenna system as claimed
in claim 8, wherein there is further included cannister
means for containing each of said pluralities of said horn
antenna means and said inflatable means for support on
board said satellite, so that said inflatable means for
support may be removed from said cannister means
during orbiting of said satellite.

11. A multiple beam space antenna system as claimed
in claim §, wherein there is further included lens means
positioned between said plurality of horn antenna means
and said projections of said beams on said planet-like
body, said lens means operating to focus said beams of
said plurality of horn antennas.

" 12. A multiple beam space antenna system as claimed

20

25

30

35

in claim 11, wherein said lens means includes bootlace 40

lens means.

13. A muitiple beam space antenna system as claimed
in claim 12, wherein said bootlace lens means includes
folding bootlace lens means.

14. A multiple beam space antenna system as claimed
in claim 5, wherein each of said horn antenna means
includes:

truncated cone means including a truncated portion

for projecting said beams upon said planet-like
bodies;

coating means applied to said inner surface of said

truncated cone means;

waveguide means positioned centrally to said trun-

cated portion of said truncated cone means, said
waveguide means for translating electronic signals
to RF signals and for translating RF signals to
electronic signals;

circuit means connected to said waveguide means,

said circuit means operating to interface signals
between said processor of said satellite and said
waveguide means; and

connection means connected between said circuit

means and said processor of said satellite, said con-
nection means operating to transmit signals be-
tween said circuit means and said processor.

15. A multiple beam space antenna system as claimed
in claim 14, wherein said truncated cone means includes
mylar truncated cone means.
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16. A multiple beam space antenna system as claimed
in claim 15, wherein there is further included inflation
means connected to said mylar truncated cone means,
said inflation means operating to permit inflation of said
mylar truncated cone means to a particular predeter-
mined shape.

17. A multiple beam space antenna system as claimed
in claim 14, wherein said coating means includes metal-
lized coating means such as aluminum,

18. A multiple beam space antenna system as claimed
in claim 17, wherein said metallized coating means com-
prises gold.

19. A multiple beam space antenna system as claimed
in claim 14, wherein said connection means includes
optic fiber means.

20. A multiple beam space antenna system as claimed
in claim 14, wherein said connection means includes
coaxial cable means.

21. A multiple beam space antenna system as claimed
in claim 14, wherein there is further included dielectric
substrate means connected to said circuit means and to
said waveguide means, said dielectric substrate means
for supporting said circuit means and said waveguide
means.

22. A multiple beam space antenna system as claimed
in claim 14, wherein said circuit means includes:

low level amplifier means connected to said proces-
sor, said low level amplifier means for converting
optic signals to electronic signals;

power amplifier means connected to said low level
amplifier means;

circulator means connected to said power amplifier,
said circulator means having three input and output
ports and operating to transmit signals from an
input port to an output port in a clockwise direc-
tion only; and

said waveguide means being connected to said circu-
lator means. .

23. A multiple beam space antenna system as claimed

in claim 22, wherein said circuit means further includes:

diplexer means connected to said circulator means,

said dipiexer means operating to pass only received
signals;

low noise amplifier means connected to said diplex
means;

filter means connected to said low noise amplifier
means; and

amplitude modulation means connected between said
filter means and said processor of said satellite.

24. A multiple beam space antenna system as claimed
in claim 22, wherein said connection of said processor
to said low level amplifier means and said connection of
said amplitude modulation means to said processor each
include optic fiber.

25. A multiple beam space antenna system for facili-
tating communications between a satellite and a plural-
ity of earth stations, said multiple beam space antenna
system comprising:

a plurality of antenna means disposed in a semi-
spherical configuration about a surface of said sat-
ellite, each of said plurality of antenna means posi-
tioned so that each antenna means establishes saia
communication with a substantially distinct area of
the earth;

said plurality of antenna means including a piurality
of horn antenna means having waveguide means
for transmitting and receiving RF signals and cir-
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cuit means for interfacing between said waveguide sponding area and for transmitting a plurality of
means and a processor of said sateilite; communications to said earth stations in said corre-
inflatable support means for positioning each of*said sponding area; and -
plurality of horn means in said spherical configura- each of said antenna means being connected to said
tion; .5 processor of said satellite for enabling the proces-

each of said antenna means for receiving a plurality of sOr to receive and transmit messages.
communications from said earth stations in a corre- LA
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CALIBRATED METHOD AND DEVICE FOR
NARROW BAND DOPPLER COMPENSATION

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application it related 10 co-pending U.S.
patent applications Ser. Nos. 263,845, Satellite Cellular
Telephone and Dawa Communication System, 402,743,
Power Management System For A Worldwide Multi-
ple Satellite Communications System, 415,814, Multiple
Beam Deployable Space Antenna System, 415,842,
Telemetry, Tracking and Conteol For Satellite Cellujar
Communication Systems, and 415,815, A Method To
Optimize Cell-To-Cell Handoffs In A Satellite Cellular
System.

BACKGROUND OF THE INVENTION

This invention relates, in general, 10 Doppler com-
pensation, and morc¢ specifically, to calibration of Dop-
pler within a narrow bandwidth.

Satellites are becoming important links for communi-
cation between stations ar different iocations through-
out the worid, particularly for mobile communication
units. Such mobile communication units, particularly
hand held communication units, inherently operate on
low power. To operate with Jow power, the hand-held
communrication units must be designed for narrow band
signals for efficiency. Typical applications for narrow
band designs include hand-held units which muost com-
municate with low orbiting satellites (e.g. approxi-
matsly 400 n. mi.).

The Doppler effect on signals transmirted between a
mwobile communication unit and a satellite becomes
distorted, particularly for low-earth-orbiting satellites.
The distortion caused by Doppler must be removed for
the information 10 be extracted when the communica-
tion channe! is narrow (e.g. 3 Khz). For instance, a
signal transmitted to earth from a low orbiting sateilite

]

25

30

is

would have a frequency variation due 1o Doppler of 40

+35Khz at a center frequency of 1.5 Ghz over a period
of 10 to 15 minutes, Voice channels of 3 Khz would
require guard band of approximately 12 channel widths
between voice/data channels to avoid interference be-
tween channels. When the chapcnel width is even
smaller, as with pagers having a band width of 300 Hz,
the guard band increases to over 200 channel widths.

The problem of guard band width may be overcome
by transmitting a pilot signal or controt signal in a singlc
dedicated channel. The control signal must be suffi
ciently separated from the voicc/data signsls that the
voice/data signals do not interfere with the control
signsl. Terrestrial receivers search for the control sig-
nal, and use the control signal to direct data traffic for
the other channels, By separating the control signal
frow all other signals, the Doppler effect oa the control
signal can be determined and applied to the voice/dais
channels. This avoids tracking Doppler on the voice/-
data chanrels,

Continuous tracking of the oootrol gignal to obtain
Doppler requires a continuous supply of power. For
Tow-power band-held units, such as pagers and hand-
heid celluler telephiones, continuous tracking of Dop-
pler is ipefficient anc undesirable.

SUMMARY OF THE INVENTION

Accqrdinsly. it is an object of the preseat invention
o provide a Doppler compensating device which does
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not require continwous tracking of Doppler, and permits
operating with minimnal power.

A Doppler compensating device whhich conserves
power and can be used with hand-held communication
devices comprises a phase lock loop for tracking a Dop-
pler phase offset and a Doppler offset calibration loop
which generates a Doppler offset curve, The Doppler
offset calibration loop extracts Doppler offser points
from the phase lock loop, and from these points cali-
brates a set of threc parameters defining the Doppler
offset curve using an estimation algorithm such as the
least squares algorithm. After the curve is defined, the
compensating device extracts points from the Doppler
offset curve and deactivates the phese lock loop. This
process preserves power within the hand-held commu-
nication devices.

The sbove aud other objects, features, and sdvan-
tages of the present invention will be better understood
from the following detailed description taken in con-
Junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a block diagram of Doppler compensating
device according to the present invention.

FIG. 2 is a Dopeler frequency offset curve for given
parameters.

FIG. 3 is a diagram of a signal demodulator/dis-
criminator for the Doppler compensating device of

FIG. 1.
FIG. 4 is a diagram of a simplied modec] of 8 low-orbit

satellite system showing @ satellite conununicating with
p terrestrial recejver.

FIG. § is a graph representing calibration error for
three acquisition times aceording to the present inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

The following U.S. patent applications are related to

the present invention, and the teachings of the applica-

tions ar¢ hereby incorporated by reference:
U.S. paient application Ser. Nos. 263,849, Satellite

‘Cellular Telephone and Data Communication System,

402,743, Power Management System For A World-
wide Multiple Satellite Communications System,

415814, Multiple Beam Dcployable Space Antenna
System, .

415,842, Talemetry, Tracking and Control For Satel-
lite Cellular Communication Systems, and .

415,815, A Method To Optimize Cell-To-Cell Hand-
offs In A Satellite Cellular System.

The present invention is particularly applicable to
low-power, hand-held communication upits such as
paging devices and hand-held cellular telephones. How-
ever, the invention may also be applied to high-power
communication units experienciog Doppler effocts,

To reducc power consumption within the hand-held
vnit, the present invention incorporates two Doppler
defining Joops within a receiver 20 as shows in FIG. 1.
The first Joop, a phase locked loop (PLL) 22, initially
tracks the Doppler in signals received from a transmit-
ter 10. The second loop, labelled open Joop Doppler
compensstion (OLDC) 24, samples phase errors from
PLL 22 10 determine » Doppler curve, and uses the
curve to define the Doppler for subsequently received
signals. Open ioop Doppler compensation 24 requires
minimal power and allows PLL 22 1o turn off.
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The specific elements of transmitter 10 comprise a
plurality of channels 12 where a first channel 13 is dedi-
cated specifically to a control signal, and voice/data
channels, designated 14, are used for voice/dals signals.
All channels of plurality of channels 12 are summed in
summing amplifier 16, and the output of summing am-
plifier 16 is mixed with a carrier from local ascillator
(LO) 18. This modulated signal is transmitted to re-
ceiver 20. It should be recognized that the control sig-
nal of first channei 13 determines the data flow of voi-
ce/dats channels 14 within recciver 20. The control
signal also operates as » pilot tone to allow tracking of
the Doppler by receiver 20.

When the modulated signal from transmitter 10 is
received by receiver 20 it is demodulated by 1O 26, and
the I and Q bascband signals are relayed to signal
demodulator/discriminstor (deni/disc) 28. Dem/disc
28 multiplies the | and Q baseband signals with sine and
cosine signals received from a numerically controlled
oscillator (NCQ) 30. The output of signal dem/disc 28 is
the phase error A¢ which is flltered through phase lock
filter 32, Phase Jock filter 32 outputs a measure of the
loop phase error, Ad, to NCO 30 to control the output
of NCO 30. Demo/disc 28, phace lock filter 32, and
NCO 30 constitute PLL 22,

Since the satellite of transmitter 10 is constantly mov-
ing, the Dappler on the signal received by recetver 20 is
constantly changing. While PLL 22 is active, PLL 22
will lock onto the phase of the input signa! and track the
Doppler as it changes. The correction sine and cosine
signals generated by NCO 30 are used within demo/-
disc 28 to correct the signals from voice/data channels
14 for Doppler effects.

As PLL 22 wacks the changing Doppler, a phase
accumulator 3¢ within OLDC 24 samples the ampli-
tudes of the A¢ generated by phase lock filter 32. Each
sample is trangmitted to a Doppler calibration 36. Afier
teveral sampies have been taken and transmitted to
Doppler calibration 36, preferably sbout 7 samples
taken at one second intervals, Doppler calibration 36
uses the samples in an algorithm to generate & predicted
Doppler curve for the particilar satellite being tracked.
FIG. 2 represents a Doppler curve generated by Dop-
pler calibration 36 for a satellite having an orbit 400
miles above the earth, Typically a satellite used to, is
tracked for approximately 10 minutes. At the beginning
and ending reaches of the tracking period, the Doppler
effect on the signals is greatest. As the satellite passes
through 1 point of closest approach (POCA), the Dop-
pler effect is at its lowest. .

Referring again to FIG. 1, points along the curve
generated by Doppler calibration 36 are extracted by
Doppler syuthesis 38 and Doppler synthesis 38 gener-
ates 3 vollage representing the magnitude of each ex-
tracted point. Since the time of initial tracking is known,
and the Doppler curve is defined secording to the imtial
point of tracking, Doppler synthesis 30 can correspond
points extracted from the curve with signals received
from transmitter 10. The voltage generated by Doppler
synthesis is relayed to NCO 30 to control the values of
the sine and cosine outputs of NCO 30.

As Doppler synthesis 38 begins 1o extract points from
the Doppler curve, PLL 22 is no longer nesded to track
the eurve. Therefore, the power to PLL 22 is turned
off. This reduces the powar usage within receiver 20,

FIG. 3 is a detailed schematic of dema/disc 28. As
seen in FIG. 3, NCO 3 generates a Doppler offset
frequency, represented by the cosine and sine outputs,
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which are relayed to demo/disc 28. In demo/disc 28, a
first portion of the cosine and sine signais are multiplied
in mixers 60 and 62 respectively, with a first portion of
the I and Q components of the voice/data signals and
the coatrol signal. Since the cosine and sine signals
generally represent the Doppler phase error within the
signals, the result is Doppler compensated data signals.
The cotrected T and Q components are recombined in
summar 64 and the signals corresponding to data/voice
chiannels 14 are output st data/voice output 40 of FIG.
1. Similarly, the signals corresponding to control signal
channel 13 are output to control data ovtput 42 of FIG.
1

A second portion of the sine value received from
NCO 30 is multipiied in muitiplier 66 with a second
portion of the | component of the control signal. A
second portion of the cosine valuc is multiplied in multi-
plier 68 with 2 second portion of the Q comporent of
the control signal within demo/disc 28. The 1 ard Q
components are then recombined in summer 70. The
combined signal from summer 70 is multiplied in de-
modulator 72 with the corrected voice/dats signsls
from summer 64 to form the phase error Ad which is
used within PLL 22.

The predicted Doppler/time-dependent frequency
offset 1o generate the curve of FIG. 2 is determined by
modeling the satellitc motion with 2 parameters, L snd
to where L is the range 10 the satellite at POCA and t,
is time at POCA. Referring now 10 FIG. 4, satellite 50
has a known velocity, V, at a distance L from receiver
§2 at POCA, t, The instantaneous range of satellite 50
at any point along its flight is r. This instantaneous
range includes situstions where satellite 50 does not
travel directly over receiver 52. The range of satellite
58 from recciver 52 at some time t;is d=fined by:

nym (L34 Vv )01 4]

The observed carrier phase 8t {;is expresied in terms
of the combined effect of the range and the accumulated
phase due to frequency offsat 8fy

Pt M= 4w (=123, ... ) @

where:
A= wavelength of transmission
&f,=Local oscillator frequency offset (which is mod-
eled as a coastant) of receiver 52 relative to satellite
50 .
wj=noise in measurement of the carrier phase.
Given a set of observations py, (j=1,2,3,...0). &5
sccumulated by phase scoumulator 34 of FIG. 1, the
three characteristic parameters of the Doppler curve
are L, 8f» and t,, and cap be estimated. V is not esti-
mated since V is well establithed as an orbita] parame.
ter.
‘The most direct method for estimating L, &f,, and ¢,
is the iterative least squares estimation method. An
initial estioate is used to compute an estimated set of
observations by:
Bio= e Ny - 0 &
- 2+ ey~ W+ My - )

F=123.. .n

P.9714
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where the hat ( - ) denotes an estimated quantity. The The error in the Dappler offset is defined as the per-
least squares estimate is formed by iteratively comput- turbation of Equation 8 and is
ing a three dimengional ¢orrection vector, 6x, whose

slements are 8fo, 8L, and 5ip, from the equation: B(Efi) = Bpp/h = B4 (8% —83) o
L)
@ where 8 is the three dimensional perturbation sensitiv-
ity vector:

B-] 8 'w’]_’ [3,46-5]

where by and its transpose hy7 are sensitivity vectors. 19 ! .
The tilde (~) denotes & messured quantity. The prod- Brw - VLt — WO
uct of the vectars hyand b7 form a 3-by-3 matrix (com- = (/) — P — Prndin
monly referred to as a dyadic) whose elements are:

1s By combining Equations 9 and 7, the variance of the
error in the Doppler offset is expressed as

haht Mhz bk
opw BTl )]

(kA7) = [hh Aahy Aok
hh Ak hak . .
20 Tlus fl:nc‘;'lon may be Kﬂ:ue.:i;?r 8 ;lcnaix‘e .b‘o.f gonﬁ:-
The sensitivity vectors hyare defined as follows: 33331?; ‘;‘J.T:mgl e mion . ::; short s::!:;ﬁ : o:'
the signal received from the control signal channel 13 of
G in )  FIG. 1. FIG. § graphically represents Doppler uncer-
/ L y 55 tainty vs. time for samples taken 5.7 minutes before
il I KIS POCA, 2.9 minutes before POCA, and at POCA. The
=YA = (to = Wiy graph assumes calibration points taken over a span of 6
. seconds, with acquisition and Doppler calibration ?c-
Having solved for & 2 curing &t three different points during the pass of a
curve .,5 updated wmx; t;,h: sg::c eqe;slgi:ll:ne Doppler 3o satellite orbiting at 400 miles. In general, the longer the
data span, the more accurate the calibration of the Dop-
pler curve. As indicated in FIG. 5, with 7 samples span-
: ning a period of 6 seconds, the entire Doppler curve can
where Xaew and xois are 3 dimensional vectors whose  be predicted to within 10 percent of a pager bandwidth
elements’ are the new and old iterative estimares of the 35 of 300 Hz. More favorable results occur when acquisi-
quantities L. 8f,, and 1, respectively. The iteration tion occurs at 2.9 minutes prior 1o POCA. The predic-
process ends when Sx0. tion sccuracy becomes slightly degraded at POCA.
The accuracy of the Doppler curve esiimates are Referring again to FIG. 1, & oell selection logic 44 is
dependent upon the first observations of the satellite  coupled to the input of NCO 30. The amplitude of the
trajectory relative to POCA and can be assessed using ¢ Vvoltage received at this point represents the phase error
through covanance analysis. One familiar with theleast ~ 4¢. This value, due to its changing mature resulting
squares estimation will recognize that the error covari-  from the movement of the satellite, can be used to deter-
ance of the estimate of Equation 4 is expressad as a mine when a signal transmitted or received within a
covariance matrix P where particular cell must be transferred 1o an adjoining cell.
45 The cell-tocell handoff is discussed in the previously
-1 ) ;_efeg:l? }r; ‘:gp‘l’ficaltio‘: ;A L:::hod To Osptim'nc Cell-
- olras _ s -1 o~ offs In A Satellite Cellular System.”
£ oliss - 5] (8% - 8T} [,-E. T ] o8 Thus there bas been provided, in accordance with the
present invention, a calibrated method and device for
where e{} is the expsctation operator and @ is the one 30 narrow band Doppier compensation that fully satisfies
sigma random error expected in the measurement of the the objects, aims, and advantages set forth above. While
signal phase for the receiver. the invention has been described in conjunction with
The error covariance matrix, P, is & 3-by-3 matrix  specific embodiments thereof, it is evident that many
charaterizing the uncertainty in estimating the three  A&lternatives, modifications, and variations will be appar-
parameters of the Doppler curve. Since the parameters 55 ent to those skilicd i the art in light of the foregoing
are used to define the predicted Doppler offset during description. Accordingly, it is intcaded 10 embrace all
the entire observation period, the uncertainity of the such alternstives, modifications, and variztions ss fall
Doppler curve may be evaluated at representative  Within the spirit and broad acope of the appended
points along the observation period. claims.
The Doppler predicted offset frequency for the k% 60 We cluim:
time point (je. not limited to the first n points used in 1. A low-power Doppler compensating device com-

Equastion 4) is computed from the time derivative of the  prising:
first means for tracking a dynamic Doppler phase

Enews Zog+dx @

obscrved signal phase (Equation 2) as
. shift from an input signal to generate a first Dop-
i = pirn mINBLa+ Mot~ iV AVA ) 63 pler correction signal;
) said inpus signal having = Doppler phase shift due to
The subscript k used kere is distinct from the j used in predictable relative motion between a transmitier

the calibration of the Doppler parameters. and 3 receiver;
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second means for generating a Doppler offsel curve
for a dynamic Doppler phase shift, said second
means generating 3 sécond Doppler correction
signat;

said second means coupled 1o said first means 1o re-
ccive a set of Doppler phase shift samples to cali-
brate said Doppler offser curve;

third means for removing said Doppler phase shift
from said input signal, said third means coupled to
stid first means and 10 said second means; and

said third means receiving said first Doppler correc-
tion signal for a given time, after which said third
means receives said second Doppler oorrection

signal. .
2. A low-power Doppler compensating device ac-
cording to claim 1 wherein said first means for tracking
comprises a phase lock loop.
3. A Jow-power Doppler compensating device ac-
cording to ¢claim 1 wherein said second means for gener-
aling comprises an open loop time dependent compen-
3001, .
4. A Jow-power Doppler compensating device ac-
cording 10 claim 3 wherein said second means for gener-
aliog comprises:
accumulator means for extracting said set of Doppler
phase shift samplcs from said first means, said accu-
mulator means accumulating said extracted set of
Doaoppler phase shift samples;

calibration means for generating calibration parame-
ters rcpresenting said Doppler offset curve from
said set of Doppler phase shift samples, said cali-
bration means coupled to said accumulator means
to receive said accumulated extracted set of Dop-
pler phase shift samples;

synthesis means for extracting said calibration param-

elers representing said Doppler offset curve, ssid
synthesis means coupled 1o said calibration means
to extract said calibration parameters;

said syanthesis means generating frequency estimates

from said calibration parameters;

numerically controtled oscillator (NCQ) coupled to

said synthesis means to receive said frequency esti-
mates, s2id NCO generating szid second Doppler
::drrection signal from said frequency estimates;

said NCO coupled to said third means to relay said
second Doppler correction signal to said third
means and said NCO coupled separately 1o said
accumulator means.
§. A low-power Doppler compensating device ac-
cording to claim 1 wherein said second means for gener-
ating comprises:
accumulator means for extracting said set of Doppler
phase shift samples from zaid first means, said accu-
mulator means accumunlating said extracted set of
Doppler phase shift samples;

calibration means for generating calibration parame-
ters representing said Doppler offset curve from
taid set of Doppler phase shift samples, said cali-
bration means coupled to said accumulator means
to receive said accumulated catracted set of Dop-
pler phase shift samples;

synthesis means for extracting said calibration param-

cters representing said Doppler offset curve, said
synthesis means coupled to said calibration means
to extract said calibration parameters;

said synthesis means generating frequency estimates

from said calibration peramerers;
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8
numerically controlied oseillator (NCQ) coupied to
said synthesis means to receive said frequency esti-
mates, said NCO generating said second Doppler
correction signal from said frequency estimates;
and
said NCO coupled to said third means to relay said
second Doppler correction signal to said third
means and said NCO coupled separately 10 said
accumulator means.

6. A low-power Doppler compensating device ac-
cording to claim 1 wherein said third means comprises
a signal demodulator/discriminator.

7. A method for adjusting an input signa! for Doppler
offset comprising the steps of:

tracking the Doppler offset in a phase lock loop

(PLL);
gencrating a Doppler correction signal within said
PLL:

modulating said Doppler correction signal with said

input signal;

extracting and storing Doppler phase shift samples

from said PLL;

generating calibration parameters defining a Doppler

offset curve;

synthesizing frequency estimates from said calibre-

tion parameters;

generating a frequency command from said fre-

quency estmates;

generating said Doppler correction signal from said

frequency command;

deactivating said PLL; and

modulating said input signal with aaid Doppler cor-

rection signal.

8. A method of adjusting an input signal for Doppler
offset according to claim 7 wheréin said step of generat-
ing calibration parameters defining a Doppler offset
curve comprises the step of calculating said calibration
parameters using & least squares algorithm.

9. A method for adjusting an input signal for Doppler
offset according to claim 8 wherein said step of calcular-
ing said calibration parameters ysing a2 Jeast squares
algorithm comprises:

calculating & Doppler estimate using the algorithm

g o= e M- i
= (L2 + Py - PP+ Ay - F)

i L.
calculating sensitivity vectors using the algorithm
G-
= Ly ;
~8fA = (o = 1P/

calculating & corTection vector using the algorithm

wa[ g ] [406-5)

calcualting a new value of 3 using the algorithm
Xnew=TXoid+5%; and

iterating from the step of caiculating a Doppler esti
mate until 5x=0.

P.11-14
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L . , compensating a receiver reference frequency from a
10. A method for adjusting an input signal for Dop- predicted offset frequency using the algorithm

pler offset according to claim 7 wherein said siep of Shmgiam . ViR,
.« & s »

synthesizing frequency estimates comprise the step of s
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DELIVERY BY D

Ms. Donna R. Searcy

Secretary

Federal Communications Commission
1919 M Street, N.W.

Washington, D.C. 20554

Re: Request for Confidential Treatment
ET Docket No. 92-28; File No. PP-32

Dear Ms. Searcy:

On behalf of Motorola Satellite Communications, Inc.
("Motorola"), confidential treatment of the enclosed information
and materials is requested pursuant to Sections 0.457(d) and
0.459 of the Commission’s Rules and Regqulations. See 47 C.F.R.
§§ 0.457(d) & 0.459 (1991).

The materials and information included in the enclosed
envelope are being submitted to the Commission in support of
Motorola’s pending request for a pioneer’s preference in the
above-referenced proceeding. It includes highly confidential,
sensitive and company proprietary information concerning
Motorola’s IRIDIUM™ system. In particular, Motorola is
submitting information concerning pending patent applications,
preliminary results of experiments and field tests, a videotape
of a voice simulation using the IRIDIUM system, and a computer
diskette containing copyrighted software which simulates
operation of intersatellite links.

All of this material and information constitutes trade
secrets and commercial, financial or technical data which must be
guarded from Motorola’s competitors. See 47 C.F.R. § 0.457(4d).
Moreover, the enclosed materials and information clearly would be
privileged, as a matter of law, as intellectual property and
trade secrets if retained by Motorola. Id. Accordingly, the
enclosed materials should be withheld from inspection by the
public and not placed in the record of the above-referenced

proceedings.
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The enclosed materials have been submitted voluntarily
by Motorola. Therefore, pursuant to Section 0.459(e) of the
Commission’s Rules and Regulations, if the Commission denies this
request for confidential treatment, Motorola requests that the
Commission return all of the enclosed materials and information
without placing them in the public record. See 47 C.F.R.

§ 0.459(e).

Thank you for your prompt attention to this matter.

Respectfully submitted,

Philip L. Malet

Counsel for Motorola Satellite
Communications, Inc.

Enclosure

cc: Dr. Thomas P. Stanley
William Torak
H. Franklin Wright
Robert Ungar
Counsel of Record



